
(19)

Europaisches Patentamt

European Patent Office

Office europeen des brevets

(12)

(45) Date of publication and mention

of the grant of the patent:

28.1 1 .2001 Bulletin 2001/48

(21) Application number: 96922651.3

(22) Date of filing: 28.06.1 996

(n) EP 0 874 984 B1

EUROPEAN PATENT SPECIFICATION

(51) lntCl7: G01N 27/327, C12Q 1/00

(86) International application number:

PCT/US96/11240

(87) International publication number:

WO 97/02487 (23.01.1997 Gazette 1997/05)

(54) ELECTROCHEMICAL BIOSENSOR TEST STRIP

TESTSTREIFEN FUR EINEN ELEKTOCHEMISCHEN BIOSENSOR

BANDE D'ESSAI DE BIOCAPTEUR ELECTROCHIMIQUE

m
00

I
s-
CO

o
CL
IXJ

(84) Designated Contracting States:

DE ES FR GB IT

(30) Priority: 30.06.1995 US 496939

(43) Date of publication of application:

04.11.1998 Bulletin 1998/45

(73) Proprietor: Roche Diagnostics Corporation

Indianapolis, IN 46250 (US)

(72) Inventors:

• PRITCHARD, G., John
Andover, MA 01810 (US)

• BATESON, Joseph, E.

Carmel, IN 46032 (US)

• HILL, BrianS.

Indianapolis, IN 46268 (US)

• HEALD, Brian, A.

Fishers, IN 46038 (US)

• HUBBARD, Scott, E.

Fountaintown, IN 46130 (US)

(74) Representative: Jung, Michael, Dr. et al

Roche Diagnostics GmbH,
Patentabteilung,

Sandhofer Strasse 116

68305 Mannheim (DE)

(56) References cited:

US-A- 4 842 712

US-A- 5 288 636

US-A- 5 395 504

US A- 4 897 173

US-A- 5 385 846

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give

notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in

a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.

99(1) European Patent Convention).

Printed by Jouve. 75001 PARIS (FR)



EP 0 874 984 B1

Description

Field of The Invention

[0001] This invention relates generally to the determination of the concentration of analytes in fluids and more spe-
cifically to an amperometric biosensor for use in such determination.

Background of The Invention

[0002] Biosensors are not new. Their use in the determination of concentrations of various analytes in fluids is also
known.

[0003] Nankai et at., WO 86/07632, published December 31 , 1 986, discloses an amperometric biosensor system in
which a fluid containing glucose is contacted with glucose oxidase and potassium ferricyanide. The glucose is oxidized
and the ferricyanide is reduced to ferrocyanide. (This reaction is catalyzed by glucose oxidase.) After two minutes, an
electrical potential is applied and a current caused by the re-oxidation of the ferrocyanide to ferricyanide is obtained.
The current value, obtained a few seconds after the potential is applied, correlates to the concentration of glucose in

the fluid.

[0004] Because Nankai et al. discloses a method in which the reaction of glucose and ferricyanide may run to com-
pletion prior to the application of an electrical potential, this method is referred to as the 'end-point" method of amper-

20 ometric determination.

[0005] Nankai et al. discloses a system, wherein the glucose oxidase and potassium ferricyanide are held on a
nonwoven nyfon mesh. The mesh is positioned so that it is in contact with a working electrode, a counter electrode
and a reference electrode. The total surface area of the counter and reference electrodes is twice that of the workinq
electrode.
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[0006] Wogoman, EP 0 20621 8, published Dec. 30, 1 986 discloses a biosensor having two electrodes, the electrodes
being made of different electrically conducting materials. For example, the anode is formed from an anode material,
such as platinum, and the cathode is formed from a cathode material, such as silver. The anode is coated with an
enzyme. In a preferred embodiment, the coated electrode is covered with an elastomer that is permeable to glucose
[0007] Pottgen et al.

,
WO 89/0871 3, published Sept. 21,1 989, discloses the use of a two electrode biosensor, wherein

the electrodes are made of the same noble metal, but one of the electrodes (referred to as a pseudoreference electrode)
is larger than the other (working) electrode.

[0008] Recently, Pollmann et al., U.S. Patent No. 5.288,636, issued Feb. 22, 1994, disclosed an electrochemical
biosensor test strip that includes working and counter electrodes of substantially the same size and made of the same
electrically conducting materials. The Pollmann et al. test strip includes a reagent well that will accommodate a testing
sample of human whole blood from about 10 to about 70 microliters. However, below about 13 microliters, errors in
the measurement of an analyte, such as glucose, from a whole blood sample may result (low dosing errors). Generally,
the low dosing error is manifested as an understated measurement of the analyte, or no measurement of the analyte
by the meter used in conjunction with the test strip. Low dosing errors are a particular concern for infants and elderly
persons who often have difficulty in expressing a reasonably sized blood drop for testing upon pricking their finger with
a lancet

[0009] Accordingly, it is highly desirable to design a test strip that requires a minimum volume of blood for the testing
of an analyte, such as blood glucose.

Summary of the Invention

[0010] The invention is an electrochemical biosensor test strip that has a lower minimum volume blood sample re-
quirement than prior art strips of similar construction. The present inventive test strip has a smaller reagent well and
smaller spreading mesh than similar prior art strips. Further, the reagent well is positioned differently than in similar
prior art test strips. The minimum blood volume sample requirement for the new strip is about 9 microliters.

[0011] The smaller sample volume requirement means fewer low sample volume dosing errors result when meas-
uring an analyte, such as glucose, from a whole blood sample. This result is especially important for those persons,
such as infants and the elderly, who have difficulty expressing a reasonably sized drop of blood by pricking their finger
with a lancet. Also, with the present inventive strip it is easier for the meter, which collects current measurements and
correlates those measurements to a concentration of analyte from a sample, to discriminate low sample volume dosing
errors. Further, the smaller reagent well requires less reagent per biosensor strip, thereby increasing the production
volume for mass production of biosensor test strips.

[001 2] Additionally, when the spreading mesh is affixed to the test strip by an adhesive tape, the tape includes a hole
that exposes the reagent well and spreading mesh, and further includes air vents on opposing sides of the hole. These

2
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air vents reduce the occurrence of air bubbles trapped in the reagent well when a sample is being tested. Air bubbles

can produce testing errors.

Brief Description of the Drawings

5

[0013]

FIG. 1 is an exploded view of the present inventive biosensor test strip.

10 FIG. 2 is a top view of the biosensor test strip without the reagent, spreading mesh, and adhesive tape with air vents.

FIG. 3 is a top view of the fully constructed, preferred biosensor test strip.

' FIG. 4 is a cross-sectional view of the biosensor of FIG. 3 along lines 21 -21

.

FIG. 5 illustrates hypothetical calibration curves for different lots of biosensor test strips.

Description of the Preferred Embodiment

20 [0014] The present inventive biosensor test strip is similar to the preferred embodiment of the test strip described in

Pollmann et at., U.S. Patent No. 5,288,636, issued Feb. 22, 1994.

However, the Pollmann et al. strip has a construction such that too many low dosing errors result when whole blood

samples below about 1 3 microliters are tested for blood glucose.

[0015] In the present inventive test strip, reagent well 9 (Fig. 4) has been reduced in size over the Pollmann et al.

25 reagent well and repositioned so that a smaller surface area of the counter electrode 5 than the working electrode 4

is exposed by cutout portion 8, which forms reagent well 9. (Figs. 1-4) Mesh 13, which is a spreading mesh, is also

reduced in size over the Pollmann et al. mesh. (Figs. 1 , 3, 4) These changes in strip architecture result in a test strip

that can accurately measure an analyte, such as glucose, from a minimum whole blood sample of about 9 microliters.

[0016] Referring specifically to Figs. 1 through 4, there is shown the presently preferred embodiment of the inventive

30 biosensor test strip.

[001 7] Test strip 1^ comprises first and second electrically insulating layers 2 and 3, respectively. Any useful insulating

material will be suitable. Typically, plastics, such as vinyl polymers and polyimides provide the electrical and structural

properties which are desired. Preferably, these layers are Melinex® 329, 7 mil.

[0018] The biosensor test strip shown in Figs. 1 through 4 is intended to be mass produced from rolls of material,

35 necessitating the selection of a material which is sufficiently flexible for roll processing and at the same time sufficiently

stiff to give a useful stiffness to the finished biosensor test strip.

[001 9] Layers 2 and 3 may be of any useful thickness. In a preferred embodiment, layers 2 and 3 are about 1 80 pm

(7 mil) thick.

[0020] Working electrode 4 and counter electrode 5 are preferably deposited on a backing of insulator material 7,

40 such as polyimide, to reduce the possibility of tearing the electrode before it is affixed to layer 2. Working electrode 4

and counter electrode 5 are substantially the same size and are made of the same electrically conducting material.

Examples of electrically conducting materials that may be used are palladium, platinum, gold, silver, carbon, titanium,

and copper. Noble metals are preferred because they provide a more constant, reproducible electrode surface area.

Palladium is particularly preferred because it is one of the more difficult noble metals to oxidize and because it is a

45 relatively inexpensive noble metal. Silver is not preferred because it is more readily oxidized by air than the other noble

metals listed above. Preferably, electrodes 4 and 5 are about 6.1 \im (micron) thick and backing 7 is about 25 nm
(microns) thick (commercially available from Courtaulds Performance Films in California and Southwall Technologies,

Inc.).

[0021] Electrodes 4 and 5 must be sufficiently separated so that the electrochemical events at one electrode do not

50 interfere with the electrochemical events at the other electrode. The preferred distance between electrodes 4 and 5 is

about 1 .2 millimeters.

[0022] In the preferred embodiment, electrodes 4 and 5, affixed to backing 7, are unspooled from reels and attached

to layer 2 by the use of hot melt adhesive (not shown). Electrodes 4 and 5 also preferably extend from one end of layer

2 to the other end in parallel configuration.

55 [0023] Insulating layer 3 is fixed on top of layer 2 and electrodes 4 and 5 by the use of hot melt adhesive (not shown).

Layer 3 includes cutout portion 8, which defines reagent well 9. Both the size and the position of cutout portion 8 are

critical to the invention. Cutout portion 8 must be sufficiently small and must be sufficiently positioned such that in

combination with the spreading mesh, described below, a minimum whole blood sample volume of about 9 microliters

3
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shown in^!TS^2^Ti I T S 'de 0
'
CU,°Ut P°rti0n 5 fUnS Para,lel ,0 the l0"9 side <* «e«shown in Figs. 1 -4. Importantly, cutout portion 8 is positioned over electrodes 4 and 5 such that a smaller surface areaof counter electrode 5 than working efectrode 4 is exposed. Preferably, me exposed surface areaoTwoZSde

5 4 '^;ceaslargeastheexposedsurfaceareaofcountere.ectrode5.Surprii
a smaller surface area for the counter electrode than the working efectrode does not ach/e^yaffecTm^S^an analyte from a sample being measured. In this preferred embodiment. electrodes4 and 5 a^TsIm in Sh
[0025] Biosensor test strip 1 may be accompanied by a power source (not shown) ha electrical connect 'the

[0026] Biosensor reagent 11 (Fig. 4) is placed in well 9 so that it covers substantially all of exposed surfaces 1 0 and
20 of working electrode 4 and counter 5, respectively. (Figs. 2-4) An example of a reagentZ ma bfus^e
SSTa^SSS ^P—nt invention is a reagent for measuring g.uco'se from a w'hole btood sample

» Kthtsrmirs

mo£E 250 M Ifr,™ u
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^SSSS^^JSH-
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,
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20
Phosphate and 26.423 g dibasic potassium phosphate) at pH 6.25. Allow the NATROSOL® to stir and swell for 3

mZles
PrePare a
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AVICEL@ miX,Ure bV S,irri"9 14 0000 9 AVICEL® RC"591 F and 504 7750 9 w^r '°r 20
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?
SUl,in9

'
r0m S,6P 4l addl Whi,e stirrin9> 98 7750 9 P°tassium ferricyanide. (Add a littlepotassium ferr.cyan.de at a time to allow the potassium ferricyanide to dissolve as added.)

Step 6- Stir the resulting mixture of Step 5 for 20 minutes.

Step 7- Adjust the pH of the mixture resulting from Step 6 to 6.25 by adding potassium hydroxide.

J
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"l

n9 miX,Ure °f S,6P 7
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3dd 91533 9 9,ucose oxidase
(
218 5° tetramethyl benzidine units permilligram (mg) from Biozyme) and stir at least 20 minutes.

Step 9- To the resulting mixture of Step 8. add 20 g potassium glutamate and stir at least 20 minutes.

Step 10- Filter the resulting mixture of Step 9 through a 100 „m (micron) sieve bag to remove any AVICEL®

- £ar^^rsa (r~ which
* ad-

*

§0 of the electrodes 4 and 5 (Fig. 2) and will also contain a sufficient amount of ferricvantoe.ZXSSZSZZ
2duc7ono,

(r°
Se

°H

,0

,

Ca,alyZe
°
Xida,i°n

°' 9,UC°Se (,r°m aSamP,e «« hu™-iT^SS.reduction of fer ,cyan.de to completion, as defined herein, within about 20 seconds. (Prior to adding the reagent to we!
ft - » Preferable to treat we.. 9 with a 600 Watt corona arc, gapped at 1/40,000 inch on a processing liSave inq a

10029] Another glucose reagent that may be formulated includes 300 millimolar potassium ferricyanide 250 miHimola55 potassium
,

phosphate buffer, 14 grams microcrystalline cellulose (AV.CEL® RC 591 F) perl^«Z
2S2S?

0

6

Ul0Sa
<
NATR0SOL® -25« M) per liter of reagent, 0.5 grams Triton® x-foo ZSZZfiZESZgent. 37 m,»,molar sodium succinate, and 1.57 million tetramethyl benzidine units of glucose oxidase perLrof reaoentSodium hydroxide (6 Norma, solution) is used to titrate this reagen, to a PH of 6.6. This reagent^betSfJ

35

40
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the same protocol described above, but amounts of components should be adjusted and components substituted

(sodium succinate for potassium glutamate and sodium hydroxide for potassium hydroxide) to achieve the component

concentrations stated above. Drying of this reagent in reagent well 9 typically results in a loss of enzyme activity of

about 30-35%.

5 [0030] After drying reagentil, a spreading mesh 13, which has been impregnated with a surfactant, is placed over

cutout portion 8 and is affixed to second electrical insulator 3. Spreading mesh 13 is preferably a polyester monofilament

mesh from ZBF (Zurich Bolting Cloth Mfg. Co. Ltd., Ruschlikon, Switzerland). The spreading mesh is preferably dipped

in a solution of 0.8% (wt.rvol.) dioctylsodium sulfosuccinate (DONS) in a solution of 50:50 (voLvol.) methanol:water,

and then dried. Spreading mesh 13 must be small enough such that in combination with the size of cutout portion 8

10 and placement of cutout portion 8 the biosensor strip will accurately measure analyte from a minimum whole blood

sample of about 9 microliters. The preferable dimensions of spreading mesh 13 are 6 mm x 5.8 mm. In the most

preferred biosensor strip, the 6 mm side of the mesh is parallel to the long side of the strip shown in Figs. 1-4.

[0031] Preferably, spreading mesh 13 is affixed to adhesive tape 14, which includes hole 15. (Figs. 1 , 3, 4) Adhesive

tape 14 is preferably made of polyester with an adhesive backing. (Available from Tapemark, Medical Products Division,

is 223 E. Marie Ave., St. Paul, Minnesota 55118) Adhesive tape 14 is preferably dyed maroon and hole 15 provides a

target area for application of a sample to be analyzed by the biosensor. Hole 1 5 exposes at least a portion of spreading

mesh 13 and cutout portion 8, and preferably exposes substantially all of cutout portion 8. Tape 14 preferably includes

slits 16, as shown in Figs. 1 and 3, located on opposing sides of hole 15. (Two slits 16 are shown in Figs. 1 and 3, but

one slit may be sufficient.) Slits 16 constitute air vents, which reduce the occurrence of air bubbles trapped in the

20 reagent well upon the addition of a sample such whole blood to the reagent well. Reducing the occurrence of air bubbles

trapped in reagent well 9 results in fewer testing errors.

[0032] After drying the reagent and affixing the spreading mesh, the roll-formed biosensors are separated by die

punching to form discrete biosensors, which are used in conjunction with 1) a power source in electrical connection

with the working and counter electrodes and capable of supplying an electrical potential difference between the working

25 and counter electrodes sufficient to cause diffusion limited electrooxidation of the reduced form of the redox mediator

at the surface of the working electrode, and 2) a meter in electrical connection with the working and counter electrodes

and capable of measuring the diffusion limited current produced by oxidation of the reduced form of the redox mediator

when the above-stated electrical potential difference is. applied.

[0033] The meter described above will normally be adapted to apply an algorithm (discussed below) to the current

30 measurement, whereby an analyte concentration is provided and visually displayed. Improvements in such power

source, meter, and biosensor system are the subject of commonly assigned U.S. Patent Number 4,963,814, issued

October 16, 1990; U.S. Patent No. 4,999,632, issued March 12, 1991; U.S. Patent No. 4,999,582, issued March 12,

1991; U.S. Patent No. 5,243,516, issued September 7, 1993; U.S. Patent No. 5,352,351, issued Oct. 4, 1994; U.S.

Patent No. 5,366,609, issued Nov. 22, 1994; White et at., U.S. Patent Application Serial No. 08/073,179, filed 6/8/93

35 (issue Fee mailed 12/27/94), now U.S. Patent No. 5,405,511, issued April 11, 1995; and White et al., U.S. Patent

Application Serial No. 08/343,363, filed 11/22/94 (Issue Fee mailed 5/5/95), now U.S. Patent No. 5,438,271, issued

August 1 , 1 995.

[0034] For easy electrical connection of the power source and meter, additional cutout portion 12 (Figs. 1 through

4), exposing portions of the working and counter electrodes, are preferably provided in the biosensor device.

40 [0035] The biosensor device described above may be used to determine the concentration of an analyte in a fluid

sample by performing the following steps:

a) contacting a fluid sample, such as whole blood, with a reagent (described above) that substantially covers

surface areas 10 and 20 of working and counter electrodes 4 and 5, respectively;

45

b) allowing the reaction between the analyte and the oxidized form of the redox mediator to go to completion, as

defined herein;

c) subsequently applying a potential difference between the electrodes sufficient to cause diffusion limited elec-

50 trooxidation of the reduced form of the redox mediator at the surface of the working electrode;

d) thereafter measuring the resulting diffusion limited current; and

e) correlating the current measurement to the concentration of analyte in the fluid. (Reaction completion is defined

55 as sufficient reaction between the analyte and the oxidized form of the redox mediator to correlate analyte con-

centration to diffusion limited current generated by oxidation of the reduced form of the redox mediator at the

surface of the working electrode.)

5
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[0036] Many analyte-containing fluids may be analyzed. For example, analytes in human body fluids such as whole

blood, blood serum, urine and cerebrospinal fluid may be measured. Also, analytes found in fermentation products

and in environmental substances, which potentially contain environmental contaminants, may be measured.

[0037] When measuring analytes found in human body fluids, especially whole blood, the potential difference applied

5 between the electrodes is preferably no more than about 500 millivolts. When a potential difference above about 500

millivolts is applied between the electrodes, oxidation of the working electrode surface (for palladium) and of some

blood components may become intolerable, thereby preventing an accurate and precise correlation of current to analyte

concentration. For an assay of glucose in a whole blood sample, wherein the oxidized form of the redox mediator is

ferricyanide, a potential difference from about 150 millivolts to about 500 millivolts may be applied between the elec-

10 trodes to achieve diffusion limited electrooxidation of the reduced form of the redox mediator at the surface of the

working electrode. Preferably, about 300 millivolts potential difference is applied between the electrodes.

[0038] Current generated from the oxidation of the reduced form of the redox mediator may be measured at any time

from about 0.5 seconds to about 30 seconds after the potential difference is applied between the electrodes. At less

than about 0.5 seconds, diffusion limited current is difficult to measure due to the charging current. After about 30

15 seconds, convection becomes significant, thereby interfering with the measurement of a diffusion limited current.

[0039] The current measured during the assay of an analyte from a fluid sample may be correlated to concentration

of the analyte in the sample by application of an algorithm by the current measuring meter. The algorithm may be a

simple one, as illustrated by the following example:

20
[Analyte] = Ci 7 5 + d

wherein [Analyte] represents the concentration of the analyte in the sample (see Fig. 5), i 7 5 is the current (in micro-

amps) measured at 7.5 seconds after application of the potential difference applied between the electrodes, C is the

25 slope of line 22 (Fig. 5), and d is the axis intercept (Fig. 5).

[0040] By making measurements with known concentrations of analyte, calibration curve 22 (Fig. 5) may be con-

structed. This calibration will be stored in the Read Only Memory (ROM) key of the meter and will be applicable to a

particular lot of biosensor test strips. Lines 24 and 26 in Fig. 5 represent other hypothetical calibration curves for two

other different lots of biosensor test strips. Calibration for these biosensor lots would generate slightly different values

30 for C and d in the above algorithm.

[0041] In analysis of glucose from a sample of human whole blood, 20 pi of whole blood is preferably added to the

above-stated glucose reagent. The reaction of glucose and ferricyanide is allowed to go to completion, thereby forming

gluconic acid and ferrocyanide. This reaction normally requires a short time, preferably less than about 20 seconds,

to go to completion. About twenty seconds after addition of the whole blood sample, a potential difference of about

35 300 millivolts is applied between the electrodes, thereby oxidizing ferrocyanide to ferricyanide at the surface of the

working electrode. Current measurements are made at 0.5 second intervals from 1 second to 7.5 seconds after the

potential difference is applied between the electrodes. These current measurements are correlated to the concentration

of glucose in the blood sample.

[0042] In this example of measuring glucose from a blood sample, current measurements are made at different times

40 (from 1 second to 7.5 seconds after application of the potential difference), rather than at a single fixed time (as de-

scribed above), and the resulting algorithm is more complex and may be represented by the following equation:

[Glucose] = C, i
1
+ C2 i2 + C3

i3 + ...Cn in + d,

45

wherein i
t
is the current measured at the first measurement time (1 second after application of the 300 millivolt potential

difference), i2 is the current measured at the second measurement time (1 .5 seconds after application of the 300 millivolt

potential difference), i3 is the current measured at the third measurement time (2 seconds after application of the 300

millivolt potential difference), \n is the current measured at the nth
4 measurement time (in this example, at the 14th

50 measurement time or 7.5 seconds after application of the 300 millivolt potential difference), Clf C2 ,
C3 , and Cn are

coefficients derived from a multivariate regression analysis technique, such as Principle Components Analysis or Partial

Least Squares, and d is the regression intercept (in glucose concentration units). (A modification of this procedure may

be used in the event that calibration curves illustrated by Fig. 5 have considerable curvature.)

[0043] Alternatively, the concentration of glucose in the sample being measured may be determined by integrating

55 the curve generated by plotting current, i, versus measurement time over some time interval (for example, from 1

second to 7.5 seconds after application of the 300 millivolt potential difference), thereby obtaining the total charge

transferred during the measurement period. The total charge transferred is directly proportional to the concentration

. of glucose in the sample being measured.

6
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[0044] Further, the glucose concentration measurement may be corrected for differences between environmental

temperature at the time of actual measurement and the environmental temperature at the time calibration was per-
formed. For example, if the calibration curve for glucose measurement was constructed at an environmental temper-
ature of 23°C, the glucose measurement is corrected by using the following equation:

5

[GlucoseW,^ = [Glucose] measured x (1 -K(T-23°C)),

wherein T is the environmental temperature (in °C) at the time of the sample measurement and K is a constant derived
10 from the following regression equation:

Y = K(T-23),

15 wherein

Y _ [G'ucose] measured at 230C
- [Glucose]measured at T,c

[Glucose]measuredatToC

20

In order to calculate the value of K, each of a multiplicity of glucose concentrations is measured by the meter at various
temperatures, T, and at 23°C (the base case). Next, a linear regression of Y on T-23 is performed. The value of K is

the slope of this regression.

[0045] The glucose concentration of a sample may be accurately and precisely measured by the present inventive
25 method utilizing the present inventive biosensor. Further, when a sample of human whole blood is measured, error

due to hematocrit effect is insignificant in the range of 30-55 % hematocrit.

Other examples of enzymes and redox mediators (oxidized form) that may be used in measuring particular analytes
by the present invention are listed below in Table 1

30
.

TABLE 1

ANALYTE ENZYMES REDOX MEDIATOR
(OXIDIZED FORM)

ADDITIONAL
MEDIATOR

35

GLUCOSE GLUCOSE
DEHYDROGENASEAND
DIAPHORASE

FERRICYANIDE

40

GLUCOSE GLUCOSE-
DEHYDROGENASE
(QUINOPROTEIN)

FERRICYANIDE

45

CHOLESTEROL CHOLESTEROL
ESTERASE AND
CHOLESTEROL
OXIDASE

FERRICYANIDE 2, 6-DIMETHYL-
1.4-BENZOQUINONE
2.5-DICHLORO-
1,4-BENZOQUINONE
OR PHENAZINE
ETHOSULFATE

50

HDL CHOLESTEROL CHOLESTEROL
ESTERASE AND
CHOLESTEROL
OXIDASE

FERRICYANIDE 2,6-DlMETHYL-

1.4-BENZOQUINONE
2.5-DICHLORO-
1,4-BENZOQUINONE
OR PHENAZINE
ETHOSULFATE

55

TRIGLYCERIDES LIPOPROTEIN LIPASE,

GLYCEROL KINASE,

AND GLYCEROL-
3-PHOSPHATE
OXIDASE

FERRICYANIDE OR
PHENAZINE
ETHOSULFATE

PHENAZINE
METHOSULFATE

7
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TABLE 1 (continued)

ANALYTE ENZYMES REDOX MEDIATOR
(OXIDIZED FORM)

ADDITIONAL
MEDIATOR

LACTATE LACTATE OXIDASE FERRICYANIDE 2,6-DIQHLORO-

1,4-BENZOQUINONE

LACTATE LACTATE
DEHYDROGENASEAND
DIAPHORASE

FERRICYANIDE,

PHENAZINE
ETHOSULFATE, OR
PHENAZINE
METHOSULFATE

LACTATE
DEHYDROGENASE

DIAPHORASE FERRICYANIDE,

PHENAZINE
ETHOSULFATE, OR *

PHENAZINE
METHOSULFATE

PYRUVATE PYRUVATE OXIDASE FERRICYANIDE

ALCOHOL ALCOHOL OXIDASE PHENYLENEDIAMINE

BILIRUBIN BILIRUBIN OXIDASE 1-METHOXY-
PHENAZINE
METHOSULFATE

URIC ACID URICASE FERRICYANIDE

[0046] In some of the examples shown in Table 1 , at least one additional enzyme is used as a reaction catalyst. Also,

some of the examples shown in Table 1 may utilize an additional mediator, which facilitates electron transfer to the

oxidized form of the redox mediator. The additional mediator may be provided to the reagent in lesser amount than
the oxidized form of the redox mediator.

[0047] When compared to the preferred embodiment of the closest prior art biosensor test strip, disclosed in Pollmann
et al., the present inventive biosensor has the following distinguishing features:

1 . reagent well 9 is 30% smaller;

2. when the working and counter electrodes are substantially the same size, the exposed surface area of the

counter electrode in the reagent well is less than the exposed surface area of the working electrode in the reagent

well;

3. a smaller amount of reagent is needed in the reagent well (4 microliters of reagent vs. 6 microliters of reagent

in the preferred embodiment of Pollmann et al.);

4. a smaller spreading mesh is needed; and

5. air vents are included on opposing sides of the reagent well.

[0048] A smaller sample volume requirement to properly dose the test strip means fewer underdosing errors will

result. This result is especially important for those persons, such as infants and the elderly who have difficulty in ob-

taining a reasonably sized blood drop after pricking their finger with a lancet. The present inventive strip makes it easier

for a current measuring meter to discriminate low sample volume dosing errors. Also, using less reagent per sensor
increases production volume for mass producing sensors. Further, providing side air vents near the reagent well re-

duces the occurrence of air bubbles trapped in the reagent well, which results in fewer testing errors.

[0049] The present invention has been disclosed in the above teachings and drawings with sufficient clarity and
conciseness to enable one skilled in the art to make and use the invention, to know the best mode for carrying out the

invention, and to distinguish it from other inventions and what is old. Many inventions and obvious adaptations of the

invention will readily come to mind, and these are intended to be contained within the scope of the invention as claimed

herein.

8
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* ....
Claims

1 . A device (1 ) for detecting or measuring the concentration of an ahalyte, comprising: .

5 a first electrical insulator (2);

a pair of electrodes (4, 5) consisting of working and counter electrodes of substantially the same size, the

electrodes (4, 5) being made of the same electrically conducting materials and being supported on the first

electrical insulator (2);

a second electrical insulator (3), overlaying the first electrical insulator (2) and the electrodes (4, 5) and in-

10 eluding a cutout portion (8);

a reagent (11 ) for detecting or measuring the concentration of the analyte, the reagent (1 1 ) substantially cov-
ering the exposed electrode surfaces in the cutout portion (8) and being in sufficient amount for analyzing the
analyte in a whole blood sample of at least about 9 microliters and
a spreading mesh (1 3), overlaying the cutout portion (8) and affixed to the second electrical insulator (3),

characterized in that

the cutout portion (8) exposes a smaller surface area of the counter electrode than the working electrode;

the spreading mesh (1 3) is impregnated with a surfactant;

the cutout portion (8) and spreading mesh (13) are of sufficient size to receive a whole blood sample of at

least about 9 microliters for analyzing the analyte, and

the spreading mesh (13) is affixed to the second electrical insulator (3) by tape (14) having an adhesive on
one side and a hole (15) that exposes at least a portion of the spreading mesh (1 3) and the cutout portion (8),

and wherein the tape (14) also includes at least one slit (16) near the hole (15), thereby providing at least one
air vent.

2. The device of claim 1 , wherein the tape (14) includes slits (1 6) on opposing sides of the hole (15), thereby providing

two air vents. ,

30 3. The device of claim 1 , wherein the cutout portion (8) is 4 millimeters by 4.2 millimeters.

4. The device of claim 3, wherein the spreading mesh (13) is 6 millimeters by 5.8 millimeters.

5. The device of claim 4, wherein the spreading mesh (13) is impregnated with dioctylsodium sulfosuccinate.
35

6. The device of claim 5, wherein the hole (15) in the tape (14) exposes substantially all of the cutout portion (8).

7. The device of claim 1 or 6, further comprising a current measuring meter in electrical connection with the working
and counter electrodes.

40

Patentanspruche

1. Vorrichtung (1) zum Erfassen Oder Messen der Konzentration eines Analyten, umfassend:
45

einen ersten elektrischen Isolator (2);

ein Elektrodenpaar (4, 5), bestehend aus Arbeits- und Gegenelektrode von im wesentlichen gleicher GroGe,
wobei die Elektroden (4, 5) aus den gleichen elektrisch leitenden Materialien gefertigt sind und auf dem ersten

elektrischen Isolator (2) gehalten werden;

einen zweiten elektrischen Isolator (3), der uber dem ersten elektrischen Isolator (2) und den Elektroden (4,

5) liegt und einen Ausschnitteil (8) umfaBt;

ein Reagens (11) zum Erfassen Oder Messen der konzentration des Analyten, wobei das Reagens (11) im
wesentlichen die freiliegenden Elektrodenoberflachen im Ausschnitteil (8) bedeckt und in ausreichender Men-
ge vorliegt, urn in einer Vollblutprobe von wenigstens etwa 9 ul den Analyten zu analysieren; und
ein Verteilungsnetz (1 3), das uber dem Ausschnitteil (8) liegt und am zweiten elektrischer Isolator (3) befestigt

ist.

dadurch gekennzeichnet, daB

9
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der Ausschnitteil (8) eine kleinere Oberflache an der Gegenelektrode als an der Arbeitselektrode freilaBt,

das Verteilungsnetz (1 3) mit einem Tensid impragniert ist,

der Ausschnitteil (8) und das Verteilungsnetz (13) von hinreichender GroBe sind, um eine Vollblutprobe von

wenigstens etwa 9 ul zur Analyse des Analyten aufzunehmen, und

5 das Verteilungsnetz (1 3) am zweiten elektrischen Isolator (3) mit einem Band (1 4) befestigt ist, das ein Haft-

mittel auf der einen Seite sowie ein Loch (15) aufweist, das wenigstens einen Teil des Verteilungsnetzes (1 3)

und des Ausschnitteils (8) freigibt, wobei das Band (14) auch wenigstens einen Schlitz (16) in der Nahe des

Lochs (15) umfaBt, um so wenigstens eine Entluftungsoffnung bereitzustellen.

w 2. Vorrichtung nach Anspruch 1 , wobei das Band (1 4) Schlitze (1 6) an gegenuberliegenden Seiten des Lochs (1 5)

umfaBt, um so zwei Entluftungsoffnuhgen bereitzustellen.

3. Vorrichtung nach Anspruch 1 , wobei der Ausschnitteil (8) 4 Millimeter auf 4,2 Millimeter ist.

is 4. Vorrichtung nach Anspruch 3, wobei das Verteilungsnetz (1 3) 6 Millimeter auf 5,8 Millimeter ist.

5. Vorrichtung nach Anspruch 4, wobei das Verteilungsnetz (13) mit Dioctylnatriumsulfosuccinat impragniert ist.

6. Vorrichtung nach Anspruch 5, wobei das Loch (15) im Band (14) im wesentlichen den gesamten Ausschnitteil (8)

20 freigibt.

7. Vorrichtung nach Anspruch 1 oder 6, des weiteren umfassend ein StrommeBgerat in elektrischer Verbindung mit

der Arbeits- und Gegenelektrode.

25

Revendications

1 . Dispositif (1 ) pour deceler ou mesurer la concentration d'un analyte comprenant

:

30 un premier isolateur electrique (2),

une paire d'electrodes (4, 5) consistant en une electrode de travail et une contre-electrode, substantiellement

de la meme taille, les electrodes (4, 5) etant constitutes des memes materiaux etectriquement conducteurs

et etant supportees par le premier isolateur electrique (2),

un second isolateur electrique (3), recouvrant !e premier isolateur electrique (2) et les electrodes (4, 5) et

35 comportant une partie decoupee (8),

un reactif (11) pour deceler ou mesurer la concentration de I'analyte, le reactif (11) couvrant substantiellement

les surfaces d'electrodes exposees dans la partie decoupee (8) et etant en quantite suffisante pour analyser

Tanalyte dans un echantillon de sang complet d'au moins environ 9 microlitres et

un tissu maille diffuseur (1 3) recouvrant la partie decoupee (8) et attache au second isolateur electrique (3),

40 .
.

caracterise en ce que

la partie decoupee (8) expose une surface plus petite de la contre-electrode que de I'electrode de travail,

le tissu maille diffuseur (13) est impregne d'un. surfactant,

45 la partie decoupee (8) et le tissu maille diffuseur (1 3) sont d'une grandeur suffisante pour recevoir un echantillon

de sang complet d'au moins environ 9 microlitres pour analyser I'analyte et

le tissu maille diffuseur (13) est attache au second isolateur electrique (3) par un ruban (14) comportant un

adhesif sur un cote et un trou (15) qui expose au moins une partie du tissu maille diffuseur (13) et de la partie

decoupee (8) et dans lequel le ruban (1 4) comporte au moins une fente (1 6) pres du trou (15) creant de cette

so facon au moins une prise d'air.

2. Dispositif selon la revendication 1 , dans lequel le ruban (14) comporte des fentes (16) sur les cotes opposes au

trou (15), creant de cette facon deux prises d'air.

55 3. Dispositif selon la revendication 1 , dans lequel la partie decoupee (8) mesure 4 millimetres sur 4,2 millimetres.

4. Dispositif selon la revendication 3, dans lequel le tissu maille diffuseur (13) mesure 6 millimetres sur 5,8 millimetres.

10
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Dispositif selon la revendication 4, dans leque! le tissu maille diffuseur (13) est impregne de sulfosuccinate de

dioctyle sodique.

Dispositif selon la revendication 5, dans lequel le trou (15) dans le ruban (14) expose substantiellement I'ensemble

de la partie decoupee (8).

Dispositif selon la revendication 1 ou 6 comprenant en outre un appareil de mesure du courant en liaison electrique

avec Pelectrode de travail et la contre-electrode.
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